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PfrtHVihHftnitf ^ FmnRnfatinn Prfidnnt- 
The present invention related tD p 

provide an aqueous liquor bontaining sugars, whidi aris used in a fermentation 
process tb produce a fernnisntabbn product. Typically such fermentation products 
include for iristance ethanoi, glycerbl, acetone, n-butarioi, butan^dSbl, isoprppanol, 
bu^ric acid, metiianie. dtric add, fumarlc add, lat^c acid, propipnfc add, succinic 
acid, itaconic acid, acetic acid, aceteWehyde, 3-hydro>y pn^pipnic acid, glyconic 
acid and tartaric acid and amino Wds sucH as L-glutaric acid. L-lysme, L-asparfic 
acid, L-tryptbpiian , L^ryljglyclnes or salts of any of fliese adds.. 

It is l<nown to tr^at shredded cellulc^lc materiai using ooncentrated acid to provide 
aqueous solutions of sugars, which- ban be 'used in a fermentation process. For 
instance US-A-465068e discloses a process of preparing ethanoi from celluiosic 
material by subjecting the ceHuloa^'c iTiaterial to highly concentrated mineral add 
gas sudi as HCI under pressure, and freatment with hot water to gh^e a liquor 7 « 
containing sugars which can be fermented. 

US^-5975439 describes an automated process for producing ethanoi by 
shredding the celluiosic comppnerit,of municipal solid waste and ml)dng this with 
equal amounts of concentrated sulphuric add at high temperature to provide a 
digested mixture. The aqueous sugar solution is separated from the solids by a 
filtration process before being subjected to a felrmentation process. 

However, it would be desirable to be able to increase the production of the 
fermentation products such as etteinoi. In particular, it would be desirable to 
improve the drainage properties of acid treated plant derived materiai in order to 
ifnaximlse sugar recovery. Further, the solid product that results from the 
separation step should be as dry as possible In order to prevent ^y loss of sugar. ^ 
which would othenA^ise be used in the femhentation propess. in addition, the solid 
b7prodi7t^^ 

for use in the boiler used to heat the distillation column used in separaHng the 
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fermentation product trom the fermentation broth. T?ius, it is also desirable that 
should Che solid Ifgnln-containing product be used as a fuel, it should be as dry as 
possible. In addition, during separation of the solid matter from tiie aqueous 
phase, It is preferred to wash the solid matter with water, thus producing wash 
water. Howev^, »iia wash water may contafh impurities, e.g. If process liquors are 
recycled; which could be harmful to'the fernrieritation process, Thensfore, It would 
be desirable to minimise the amountof wash water used 

, Accordingly, a process has been found, whic^h improves the separation of solid 
;. . matter from the liquid phase of an aqueous rifdidune cdnviiising dissolved sugar, 
Wherein a flocculating agent is added to liie aqueous mWEure an effiei^e 
amount, artd which avoids the abbvementioned disadvantages. 

[ ' Preferably, this Inventive process Is^jjrart of |^ larger pro<^. wtiich yields a 
' fermentation pnsdudtsuch asthe alivementloned alcohols, acids etc. Hence, 






obtalned'by hydrolysing polysaccharide based plant derived material. Such a 
process fs described In fUrilier detail below. As th© hydrolysis prefisrably is carried 
out under addle conditions, the aqueous mbdure usually contains the acid applied 
for the hydrolysis of tha polysacchande based' plant deriwd material. 

Sugar means a carbohydrate, which Is a ketonic (ketose) or aldehydic (aldose) 
derivative of a higher poly-alcohol. Preferably* sugar means a monosaccharide 
(having the general structure C„H2nO„ with n from 2 to 6) or an oBgosaccharide 
such as celloblose, sucrose, particularly preferred are glycolaidehyde. 
glyceraldehyde, dihydeoxyacetone. erythrose. threose, as well as aldopentoses. 
aldohexosesand tetohawses such as glucose, fructose, nrwitose. araWnose. 

- ril>ose. jqrtose, mannose. gaiaciose, aIlose..gultse. J.Hr9se..Wose,telose, 

ribulose. eiythrulose, xylulose, psioose. sorbose and tagalose, lyxose, 
ribofuranosB. arablnoftiianose, rfbopyranose. arabinopyranose. allofuranose. 
altroliiranase, glucofiiranose. niannoluranose. allopyranose, aitropyranose, 
glucopyianose. mannopyarriose: xylofuianose. Iyxofuranose.-xytopyranose, 
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|r guloferanose, Idofuranoslo, gla^^ 

idopyranos^. galadopyi^bse, taiof^^^ threo^penftilase, 
^ psicofunahose, fhic^ofuranpse, psicopyranpse, 
fmctopyranp^^^^ 

Solid matterm^ns particles/ givien hydrolysis 
conditions and generally cprnpnse |^i^u^ose^lignm and analogous materials, 

N Suitably the flocculating agent is selected fro^^ of water- 

soluble, water^-sweilable natural, se^^^ 
Charged mlcroparticuiate niateriai/; " 

. " • In a preferred embodiment of this Invention. tHe fipccul^jng agent would be 

added as an aqueous solution or aqueous dl^rsioh. the flocculating agent is 
added in an amount sufficient to effect floccul^tlon. 'J: ; ^ 

I Typically the amount of poiynnerlc floccuiatin^^^^ 

i flocclijatlon would be usually from 0:002 to ly'pneferably from 0.01 to 1 , more 
1 pieferably from 0.02 to 0.2% by weight, biased on the weight of the solid matter. 

Therefore, preferably the amount of flocculating agent is chosen in the ranfife of 
from 0.002 to 1% by weight based on t^^ r 

Following flocculatfon of the suspended solids the solid product can be separated 
i} from the hydroly sate. aqueous itqupr. by mechanical means, for iristance filter 
press, centnfuge, belt press, horizontal belt filter or pressure filter. 

Preferably the polymer Is synttietic and may be fonried by polymerisation of at 

least one catlonic, non-ionic or arid/or anionic nnononier{s) alone or with other 

. . ) ■ . • ' .' 

* water-soluble monomers. By waterTSoluble we mear) that the monomer has a 

' solubility of at least 5 g/iOO ml.at 26"C. ' ' 
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Preferably polymeric ffocculatlng agents are formed from ethylenically 
unsaturated water-soluble monomers that readily polymerise to produce high 

\ molecular weight polymers: Pariticulariy preferred polymers are ag^ polyacrylate 
salts, polyaavlamide, copolymers derived from acrylamlde and (meth)acrylic acid 
or 6alts thereof, copolymers derived from acrylamide arid dialkylammoalkyi 
(mBth)acrylate add salt or quatenriary ammonfum salts'^polyirors deri^^ from 
diallyldimethyl ammonium chloride, polyamin^ and polyethylene imines: The 

. pol^T^l^may be linear, branched or crdssHiriked. 

. ^ • The polynr^rs may be prepared by any convenient convWitional pirocess/for 
instance by solution polymerisaton,'ge|l polyrrbrf^^ 

suspension polymerisation and reverse phase emulsion polymerisation. Suitable 
: ''\ procesises include those described in EP-A-15q933 or EPiA-^Q27B9. 

Suitable polymers can be anionic, cationlc or non-lonlc^-^preferabJy catlonic. The 
- Intrinsic viscosity preferably is not less than 4 dl/g. Such: an Infrlnsfc viscosity 
" generally IndiMtes a polynibr having a niolefcular weight of several million g/mol, 
^- for Instance QenWally greater thari'5,000»0Db i^^ ^ 

';g/hfiol;' • ' ^. ' • . "^^ ' .1^:' ' ■ \ 

■ in general the cationlc polymer pfeierabiy has an Intrinsic viscc^ily greater than 6 
dl/g, often at least 8, particulariy mbre than 9;dl/g. The intrinsic viscosity can be as 
high as 30 dl/g or higher. In many cases though surtabte cationlc polymers exhibit 
an intrinsic viscosity in the range of 7 to 25 dl/g> In particular i 0 to 20 dWg jn 
particular around 14 to 1 5 diy^. - 

Suitable callonio monomers Include quaternary ammonium or acid salts of 
monomers, which contain amine groups. Preferably the cationic polymer is formed 
from a monomer or blend of monomers compri^ng at least one cationic monomer 
selected from the group consisting of quaternary ammonium and acid salts Of 
dimethyla^ 

dimethyiamlnoethyl (meth) acrylamlde and diallyldinfiethyl anvnonium chloride. 
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The ciatibnic monomers hiaybfe hi^ixqibl^ or cppbiyfrierise^ other 

, mcpnomers/for jnste 

polyrrier that carries a catonic cKarge, prbvidisd of c»t|rsB that they are of . . - 
... sufficiently high. m^^ < 

' \. ' In generairintrinsic ^ 

1MNaCI*birffBi«ltq> ; ' 

The catipnic polyniers aocx)^^^^ 
; substantially linear polymers or as b,ranched or strtidured polymers: Structured or 
branched polymei^ are usually prepared by rnclu^^ . 
unsaturated monomers^ such as methylene-biSHacrylamidie into the monomer mix, > 
I?. ■•: for instance as given in EP-B-20278j3l. Preferably howe^rer, the poly?iiers are 

■ substantially linear. In additron. It is prefierred to choose,the polymers in the fomi 
ofa bead Of powdered produd. . - , ; \> i 



.in- 



:■ v-v , , ...V r:. -^-v : .vy- ■ = • • 

In a,fui:ther preferred embotfimerit of tfie pn^nt inveri^.on the flgeculating agent ; 
Is a charged microparticulate material. Parfictjlariy suitable exarriples of charged 
microparticulate materials Include swellable clays, anionic^ catlonic or amphoteric 
mlcropartlculate sFiIca based materials and organic crbssmnlted polymeric 
micrpparlicles. ^ ...] /•.•.. '.L.. , . , 

The siliceous material may be any of the ntaterials selected firorn the group 
consisting of silica based particles, silica micnogels, colloidal silica, silica sols, 
silica gels, polysillcates, aluntinosilteates, poiyaiuminbsillcates. borosiilcates, 
polyborosillcates, zeolites or sweilable clay. 

This siliceous material may be In the form of .an anionic .microparticulate material 
Alternatively the siliceous material may be a csitionic silica. ITesirabiy the siliceous 
material may be sdected frqni silicas and poj^^^ 



The polysliicates of the invention may be prepansd by addifying an aqueous 
solution of an allcali metal silicate. For instence polysilicicmicrpgels otherorise 
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known as active sifiea may ba pra^rad by acidification of alkali matai ailicate to 
between pH 2 and 1 0 by use of mineral acide or acid exchange resins, acid salts 
and acid gases, it may be denned to age the freshly fdmied polysllldc add in 
order to allow suflicienl three-dirifienBional network structure lofomt Generally the 
iiTO of ageing is Insufflcient for the polysllicic add logel/Partipul^^^ ; 
siliceous materials fndude polyaiurnino-sllicates. The poiyaluminpsnicates rnay be 
for instance aluminated polysilidc add, made by first fbnriing polysllfclc acid 
micropartides and then post treating with aluminium salts, . : - 
■: . ■ ' '''^ ■ -^^ • : 

Altematively tfie pplyalumirioailicates.may be polypartipulate polysidlic micTOgels ^ 
of surface area in excess . of 1000mL?/g fonnedjby reading an alkali metal silicate 
with? acid and water-soluble aluminium salts. Typically the polyaluminosllic^s .< 
may have a rnde ratio of aiuminaisiJica In thejrange Qfi,t:10 to 1:1500. . v f - . 

PoIyaluminosiHoates may befpmied by addifying an aqueous soiutlon of alkali : .. 
metal sificate to between pH 2 and 10 using (Concentrated sulphuric add - 
oontaininQ«.2 to 2.0% by weiightiffi^a water sdlubie alumihium i^it, fo^ Instance >; 
aluminium sulphate. Tlie aqueous aoiution:may be .aged suffiderttly for thovthree 
dimensional micrdgel fomi. Typically the pblyalumindsincate Is: aged for up Id 
about two and a half hours before diluting the aqueous, polydlfcate to 0.5 weight 
%ofsillca. . . • 

the siliceous rrraterlai may be a colloidal borosilicate. The colloidal borosiiicate 
; may be prepared by contacting a djiute aqueous soiutlon of an alkali metalsincate 
with a cation exchange resin to produce a silidc acid and then fonring a heel by 
mljdng together a dilute aqueous solution of an alkali metal borate with an alkali 
metal hydroxide to fomi an aqueous solution containing 0.01 to 30 % B2O3. having 
apHoffh)m7to 10.5. 

The sweilable days ijiay for instance be typi<»lly a bentotiita type day. The 
preferred days are ivi^llable Iri vi^r arid indifde clays which are naturally water - 
sweilable or days which can be modified, fbr Instance by ion exchange to render 
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them water svvellable: Suitable wateir fi^^ iriddde bijt arie no^ limite?! to 

beritonfte or related awalHnfl ciays aiton re/kned to as hectonte, isri?^ 
. mbntiinbrlltonttes, nontrbnltes. sapdnite. sau<»nite, horrnitesi ^ttapiilgites and 
••sepioirtes. •. ■ ■ • . • ■ ■■ •' ■ ■' 

Most preierat>ly the day Is a beiitonite type d^. ITie ^m^^^^ be provided 
as an i^lkali rhelal bentoniW Behtonites pd»F;^hituraliy;e%e^^ ]■ ' * 

bentonites, such as sodium bentonite or as.tiie a|karipe/paifh nneteil satt, usually 
the calcium or magnesium salt Generally the alkaline e^rth metal berrtonlties ari^ 
acalvated by treatment vvitti sodium carbonatejpr sodiurnWcarbonate. Adivated 
swellable bentorijte day ia often supplied as div powder Altenis^^^ • 
bentonlte may. be provided as a high splldsflowable slurry, for example at least 15 
■ or ^0% •solids." • • ■ '■■•v->v - ■ • 

When the diarged microparticulate material comprises an oiiganlc Qross-linked' 
polymeric micropartides. The mjcaropartldesjTiay be made as mfcroemulsions by 
a prodess employing ai aqueous solution comprising a.i&aiionic or anionic . 
monomer and crossllnklng. agent; an>'oil cdnlprfsir^ a 8aturated;hydrocarbon;;and .; 
an efledive amcHint of a surfactant suffidenitd praduce^partides of less than 
about 0.76 micron In unswdlen number average partlde size diameter. 
Microbeads are also made as microgeis by. procedures described by Ying Huang 
et a!., MakromPi! Chem. 186. 273-281 (1985) or may be pbtelned cqrinmercliaily . 
as mlcrolatfces. The term^'mlcrppartjcle'Vas used hereiri, Is meant to Indude an of 
these configurations, I.e. beads per-se. rnicn^eis and microlatlces. 
The charged micropartide material nay be used In amounts of at least 0.002% 
based on weight of suspended solids. TVP'ce'ly t^ough ttie doses ans usually as 
high as 0.8 or 1 .0% or higher. When the charged micropartfcte material is 
inorganic, the dose is usually in excess of 0.06%. preferably In the range 0.1 to 
0.6%. When the charged micropartide is oigahiic. the dose Is typically below 
0.3%, preferably In the range 0.02 to 0.1%. 

In another prefiened embodiment, the solid matter can be separated particularly 



05-flUGT-2002...09!34* FROM. CIBR SC UIT LTO • TO LK PflT OFF ' "P. 13/39 



•I ■• 



8 



rapfdly.fiom the liquid phase. wh€fn the flocculation Is effected by employing a 
water-$ol^Ie or water-swellabie polymer and a charged mlqropartlculate material. 

in one aspect, it is pdrb'ciilarly pretend when flocculafilon Is efiiected by 
Introducing an anionic microparticle material ihtothe atjueous mixture and then 
reflocculating by adding a cationic or substahb'aily non^ionlc polymer. 

In a further prefeixBd embodiment of the present invehtlbn flocculation is effected 
by introducing a cationic polymer into the aqueous mixtiins and then r^occulating 
by adding an anionic nrticrdpartlculate rrsteriaiv . < 

i ; in a further. prefiBired embodiment of the present invention flocculation is effected 

by introducing ah ahiom'c polymer Into the aqueous mix& 
. refiocculating by adding a cationic polymer. 

:ln a lurtfier preferred embodiment of the present invenfibn flocculation is effeded • 
by Introducing a cationic polymer jnto the aqueous rrtixture and then refloccOlatlng 
M. -by fiiddir^g an aniorlic polymer. .: • -t "^l^-H 

• • . . . v : •.. . -■ •: ■ k ■■..C-"t . 

■ i ■ • • • ■ . ■'. 

:.. In a preferred embodirnent of this Invention, the aqueoi^ mbdure is obtained ft'om 

hydrolysis of a polysaccharide based plant derived nr^ 

:• Another embodiment of the present invention' relates tola process of producing 
. femrientation product, which corriprisBs. the steps of. . ; - 
(i) • hydrolysing a particulate pol)«accharide based plant derived nraterial in an 
acid medium, and thereby fomnlng an aqueous mixture corr^rising 
; dissolved sugar and solid matter, ^ 

Oi) subjecting the aqueous ntixture to one or more separation stag^ In whicrfi 

solid matter Is rernoved from the aqueous phase. 
Oil) adjusting the pH of the obtained aqueous phase to a pH of at least 4. ' 




(Iv) fermenting the dissolved sugars of the aqueous phase by an enzyme to 
produoe a fermentation product 
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, feolaitiniai the fenrohtailon prodiipt, ? ; : ;; 

, ;Wherein in at least bite sep^fatldri in ste^ (11) a flcxxulatirig agent is 
iacMed to tiie aquepi^ misdure 

Preferably tiie flocculating agent iS'^ecfsd from the group consisting cf water- 
soluble poiymi^rs, water syrellable poi]^i« ishd charged micrppSir^cuia^ 

The particulate polysaccharide based plant derived material usually is any readily 
:. available sourte of polysaccharides, particularly celiulosic materials. Typically the 

celluiosic material comprises materials selected liiom the jgroup consisting of 
.;, herbaceous biomoss, softwood blorhass, hardivpod blorriass, sewage sludge, 

paper mill sludge and the biomasfe Action of hiunicipal solid waste. Tiie 

herbaceous blomass may for Instance be bagasse, rice straw, nee hulls and 

cotton gin trash.. . : ' ■ 

c By coricentrated w© mean that the.add generally has a doncentration of at least 
10% by weight Usually ttrough the concentration will be much higher depending 

. on ihechoien acid, for instance at least 15 or 20%, but may be considerably 
tiigher, ibr instance between 25 to 90% or ^ven hlgher.^r Instance around 70 to 
77% If sulptiuric add is chtwen. or .around.3ie.to 37% If hydrochloric, add is 
diosen. The add may be a strong ntineraj add such as hydrochloric add, 
. sulphuric add, sulphurous acid, nitric acid or- phosphoric add. Suitable oi]^anic 
adds may be carbonic add. tartaric acid, citric add, glucuronic acid, fbrmlff add, 
trichloroacetic add or almilar mono-, or polycarboxylic acids. The concento^ 
acid Is Ideally a strong acid, ideallyvthe add-eixhlbite a p'Ka below 4. Best results 
are obtained by using either hydrodiloric add or sulphuric acid. 

The acOon of the concentrated add on the plant derived material results in 
■ hydrolysis of the polysaocharides. ag. cellulose, which fiamis Cs and Ce sugars 
and various solid by-product materials, mainly lignin. When the sugar nquor is 
used to produce a femwhtation product. It Is important that the aqueous sugars 



05-flLJG-2002 09?,35 FROM -CIBfl SC.UT LTD >. TO IK pPT OFF • P. 15/33 ■■ 



are effectively se|>arated Urom the iignln aiid:it>thdr by-iiroducls that would be 
potentially harmfully to the lieiTnentatlon process. The action of jthe acid may also 
result in so-called decrystaliisatlori and release of heavy metals. - 

Desirably the action of the strong add is carried out at an elevated tempeiature. 
Ideally the tenripieirature can be sjighily above room temperatufe, for exampfe 
sec. Usually though effective digesliori of the plant derived material is carried 
out at higher temperatures, preferably belween 50 to 1 ob°a The materia! will 
normally be sulsjected to acid treatment for at least 30 minutes. Usually the 
treatment will be much longer, for instance up to 600 ot 700 minutes. The period 
of time, required for adequate digestion may vary according to the particular plant 
derived ^materiai used, the strength ;of the acid and the ternperature used. : 
Nomally the treatment will be beivireen'40 and480 minutes. Typically the : 
hydrolysis would be perlbnrr»d. at ainospherrc pip&^ 

The hydrolysate is then sepaiaied from the solid mateH^ls. preferably through 
pressing of the treated material to sepianate the Feslduelas a solid product. The . 
solid pn>duct that Is aerated may^be subbed to at least one wash cyde. »id •: 
then repeating stages (li) and (iii). whkh wash cftle comprises washing the solid 
product with a suitable wash liquid.vThe wash liquid rnay be water. Nomiialiy the 
wash v^ler is recycled water, for instance water that has been separated firom the 
still bottoms liquor in the distillation recovery of the fenrientation product in -urttich 
suspended solids have been removed. . > ^ 

. . . ' ■ I ■ ■ \" • '• v'-j • • ■ . • 

The liquid hydrolysate, which contains sugars and acid^i can then be collected for 
further processing. . X 

It is preferred to adjust the pH of frie acid sugar liquor to a pH of at least pH 4. 
The pH adjustment may be done by addition of a base or by use Of an Ion 
esffihange resin, which is capable Of absorbing the acid. 

in a prefened embodiment of this invention, the added acid as well as undesirable 
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■ . ^ acidified Ei^^^ 

and afterwarte^uheeq^ - ?f- 

J pH, Desirably ft^ 

, fibbut ill. by afl<fi^^ pHof behiwieen 4 " 

ahd;:5; prefBrabiy.^about 4^^^^ '}f. \''''d-:- 

xi. The acid rtiay be removed from thev|iqijor by adding the hydfolysiate to a i^in bed 
; i and the sugars are absorbed onto the resin and the sugars are absorbed onto the ^ 

;/ resin. The resin can tfien be puigedwith a gas substantially frjee of oxygen, which 
, iv pushes the add out of ihe resin; The resin can sjierl b 

substantially firee of oxygen. It would then be'posslbleito produce an aqueous 
sugar stream/Ideally the sugar stream ideally contains at least 98% of the sugar 
present inthe Iq^drpiysate. . '.i -k '-^ • 

• .. :i ■ -i^^-': ■ .■ ; ■ . ■■■■'■f ■ ■ -'^ '^^ ■ • ' ■ 
^ ..; .Aflte^the separation dfth© acid fironi the sugar stre 

opnoentraled for reuse. The concentration desirably cari be achieved by > ... r : 

: evaporation. ' ; ^ -j- .* ^ j 

NubientsnTaybeaddedin^ufRdert 
the hutriehte are selected from ^^^^ 
: polassium phosphate, trace alemenis and V 
following step (iv) in sufficient anriounts to permit microt>i$l growth, the sugar . i 
solution Is then mixed with a miwoblal organism known to produce useful 
fermentation products. . v . *. 

The ferrnentation process of the present {riventibn typit^ally involves allowing the 
fermentation to proceed for 3 to 5 days. Volatile fenwntation products may be 
OTntinually removed by recirculating carbon dioxide through a cooled condensing 
column. Desirably the fermeritatlon ;prbduct8 are collided finom the condensing 
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. < column after three to five days and then distilled. Pnefanably volatile feirnentata'on 
.■I product are separated firom the bmth by passing the btdth comprising the 
- femientation product into a dlstiltetion stage, where ther.fernientatioh compound Is 
V coilecfed as a distillate arid the residue 'still tiottoms' is- removed. Microoiiganisms 
' can be s^arated firom the femientalion broth-or prefen&isly froriithe stijl bottoms, 
preferably through centrifijgation artd can be recycled for reuse. In one preferred 
aspeictjof the Invention the fermentah'on product is separated fix>rri the broUi by 
. passing the broth comprishg the fermentation product Into a concentration stage, 
. in wrf^ich the femienfation corr?)Ound Is coHeded in the OT^ 
r-y:' by at least one means seleded from the group consisting of ion exchang^^ 
"j ty^ ; .( . esdracabh and eleclrodlalVs^^ ?. . .: iv > i 

A The process can be used to jsrepare a range oiffermentatlori products^ 
. preferably the fermentation product-is selecte^^ 

. . ^. : A i^hand. glycerol, ac^ne^n-butanpi/butanedipU 

■■ methane, dtricacld, itonafic add, ikctic acid, propionic^acid, succihic add, 
itaconic add, acetic add, acetBldehyde,.37hydraxy pi^ORlonlc 
' and taiiaric acid and arnlno adds such as L-^lutaric. add, 
L-tiyptophan.L-arylgiydnes or salts of any of these acW^^^^ 

The mrcroorganisms used in the femienlation.proGess of the present Invention 
, . i.. . r . can be, for example, a yeast such as Kfyveromyoes species, Candida spedes, 
P/c/j/a-species, Brattanomyces species, SacdliaTorT)yc&$ species SUOh as 
? . t: Sacch&rvmyG&s ceAevfefee and SacchammycBS uyarum, Hansenula species and 
:i\ Paohysofen spedes. Alternatively, the mlcrootganisrn o^n be a, b»adieria such as 
■ •. . Leucohostoc spedes, Enferabacter species. We6s/e/fe species. EnflHnia species. 
Seiratia species, Laotobadllus species, Lactococcus spedes, PediOGOGCus 
spedes, Clostridium species, Acetoiiac/er spedes, G/i/conotoac/er spedes 
. V Lat^abacillus species, Aspergillus spedes. Pmpionlbacferiufn spedes, Rhizopus 

. spedes and Zymomonas mobflte. In addition genetically modified strains may also 
. ' be~used. ? 
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Sln^^ th9 solid product generally to analogous to it can > 

, .V;; the prpduobon of ifemierTfcation^p fie slgnffic^htly rmpr^^ by ajp^lyirig a f 

. . particular flpG6ulatinga^ 
; • produ'd: We have found ^ 

! by Sne process and th.at a higher cafe solids'can be adhfeyeij: Smc» the solid 
. ^ product can be more efficiently dewatereti there 1$ a reduced retj uirementfor ' 

i;; ' f separation equipiTientcapadtyt^a^ • 

. e)q3en8ive to operate, such as a fiKe^^^ 
v.'i solids can be achievedjess of the acid sugar so^^^ 

pnxiucl solid- Hence the quantity of^water reijulned to Wash th© by-product solid = 
freeofacid and sugar is much reduiped^^ 

The'emplojrtngoneornidreflocculantsi^^^^ 
: s ; i v.. In$tant invention - results in a more .effident separaitibn'of the sugar liquor and the 
:> $olid product, which in turn enables hiore fermentation product Id be produced. In 

. :r ; . addition, more lignln can be obtained as solid iro^s jbbm the inventjva proems 

. : compared to known processes, which can bg^burnt or used for the rtiartufiacture of • i 
ilf chemicals. In general, the acHbn of the flocculating agent greatly enhances the 

separation of the solids from the liquor by cbmparisbn to separaffon using solely 
mechanical nneans. We imvefbu^^ 
K provides a higher cake solids, with less residual aquepui^ liquor, ifvhich nleians that • 

v a higher proportion of the sugar iiqiior is available for cpnyerslon into the 

fermentation product Likewise we find that the aqueous liquor contains much " - 
■} lower levels of extraneous, suspended celluiosio .s6iids.:^Furthermore we also find 

\i that less wash water Is required. i . 

gvampiQ ! 1 00 parts softwood chips'are added to 1 70 parts of 77% sulphuric acid 
and tl^e temperature is maintained below BOX. the resulting gelatlrious mixture is 
thoroughly mb(ed. Then the gelatinoL^ T^il^Mr"^ l^^^'M*^. ^it^^ w^ter to an add 



concentration of 25%. Thereafter, the reaction mixture is heated to a ten^jerature 
of 100°C for 60 minutes. After hydrolyeis, the obtained slurry is fed to a separation 
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r.^ equipment lor pressing. Prior to pressing, a flbcculant (Ciba@ziETAG®7648, at 

Q.2%,5olid5, from Ciba Specialty Chemical^) and a partiouiate suspension 
:■^ (sodium benlDnlte, at 5% solids) ar^ added into the feed stream with nectary 
agitaQpnatadoseoF0.2kq pertonofsolldsof polymer and 0.5 kg perton solids 
, 1 of bentonlte. The acid sugar solution Is sepanated by pressing from the. remaining 
. .solids,:releaslng 35% acid and 17% sugar. " . \ , 

J, After presslhjg. the resultant ra^ 

. approjdnriately an equal amount of water. Prior 

. as above and sodium bentonite as above are added into the feed istream with 

necessary agrtatibn at a dose of 0.2 kg per tori of solids of polyiher and Q.5 .kg per 

. ton solids of bentonlte. Pressing neteased 16% acid and 9% sugar. 

. ; "The recovered biomass cake is then subjected to a repeat process of acid . ^ 
. , treatment (hydrolysis) above to release further sugan Tlie resulting calce contains 

.v. moir^. lianin compared to the cqnt^nt of the fi^ ; ; • 
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.;. 1. . v A process for irnjirqying the Wparatioh of solid rtatter froiri the liquid phase 

. of aiilakjiiebus mixture.corhprising.dlssolyed cHaracterjzeic] iii adding a 
./ flocculating agent to the E^^^ 

f 2. The process aowjrd daim 1, wherein. the aquetKJs rTtf^ 
k . from hydrolysis of a polysaccharide'based plant derly^d material. 

; 3. -ifThe proceiss according to claims 1 or 2, wherein the' amount of flocculating 
agent Is in the range of from 0,002 to 1 % by iweight, based on this weigiit of solid . 

.rnatler; ., • ■ \ _ ' ' ' ■ ' " '' • 

>• ■ . ■ ■ . ', •..'! • • ' : • : •■''•■!:•• ' ■.' ■;• '. ■,• • '.: ■'■ 

'c. .4. /V A process of producing fermentation prbduct corfiprlsf ng the steps of, 

()) liydroiysihg a particulafs poiysacxsharide based plan^ .. 
vacfdrriedlum, and thereby foiirdng an aqueous ml)(tu^ 
. . ;,d jssolvBd. sugar and solid matter, ^vi 
(IQ subjecting the aqueous mudture to one or more sieparatrori stages In vAiich 

solid matter are removed from the aqueous phase, - 
(ID) acfusiting the pHoflhe Obtained aqueous phase to a pH of at least 4, 
>. (Iv) fermenting the dissolved augars of the aqueous phase by an enzyme to 
produce a femriehtetlon product, 
(v) isolating the femientation product, 

characterised in that in at least one separation stage In step (li) a 

flocculating agent is added to the aqueous mixture in an effective amount. 

■ ■ ■ ■ . ' 'I- ■ ■•' 

5. A process according to claim 4 in which the plant derived material 
comprises components selected firom the group consisting of herbaceous 
biomass, softwood biomass, hardwood blomass, sewage sludge, paper mill 
sludge and the biomass fraction of municipal .solid waste. . 



6. A process according to any of claims 4 to 5 in which the solid matter are 
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dubjecied to at least one wash cycle» which wdsh cycle comprises washing the 
solid matter aiid then repeating stajges (i) and (H). 

• . • " . ; . ^: •. • i> " ^ ' - i 

7. ;A process according to clairrijB 1 to 6 fnJwhichflieflocculaGng agent is 
selected from the group consisting of water-soluble or water swellable natural, 
semi-natural and synthetic polymers. j 
' . " ' ' \^ \ ' ^{ig * ' ' ■ . ' ■' ' ■■ 

jB- A process according to cl^rtiN? iri which the polyhier is selected from the 
. : group consisting of polyacrylate salts, polyacrylanrilde, copolyrhers of acrylamide 
. , ;v witfi (rneth) acrylic add or salts thereof, copoijrmens denyed from aoylamide and 

dialkylaminoaikyi' (meth)acrylate aid^ > 
polymers derived ftt>m diallyldime^^^ 
■ \ polYettiyle^^ - : . ^ ' • . • ■ 

8 /A prrcess-accordrng to any of claims 1 to 6 in which the flocculating. agent, 
v;" : Is a charged micrxjpartlculate materi^^^ . ? r^i - ^ 

10. A process according to claim^9 in whicli the dNarged mio-oparticulate 
. ma^ierial is selected fnuri the group consisting of swellable clays, anionic, catlonic 

or amphoteric microparticulate sIHcd based materials and organic? crOSS-Hoked c 
r; pblymeric microparticies. . 

. 11. A process according to any of clairnsi to 6 In which the flocculati^^ 
is a water soluble or water-sellable polyn^r and a charged microparticulate 
. > • material. ' \ -""^ ' 
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Process for improving the separation of solid matterfrpmLthe liquid phase of an 
aqueoiis mbdure comprising dissolved sugaf; wherein a flocculating agent is; 
added to jthe aqueous nrdxtOre In an.$f1i^ve arnourit, apd a process 
of producing fenrie \. 
(i) hydrol^ing a particulate polysaccharide b^^^^ 

rnaterial in an add niedium, aHd;tfiereby forming an 
V comprising dissolved sugar and ■sblld rretterr 
, (ii) subjecting the aqueous mixture to one or more separation stages in 

which solid matter are removed from the aqueous phase, . 
. <;(iii) adjusting the pl-1 of the^bbtained . aqueous phase to a pH of at least • 

• . ; 4.-.-V/- . ■ '•; ■ ■ ; ■'. •: ■■ : -■ ; ; 

(iv) fermenting the dissoh^d sugars of the aqueous phase by an 
; ; enzyme to produoe'af^nrnerirtatiohprodu^^^^ 
(V) isolatlrig the Ijsrmentation product^ 

wherein In at ieasl one separation stage in step (11} a flocculating agent is 
added Intiie aqueous mixture in an '.efFectiveannun _ . 



■ i. 
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